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But what is light? Light-if you will bear with me, or rather with Aristotle-is not a material entity but the activity of a fire-like substance, similar to the aether that pervades the outermost sphere of the heavens. When light enters the transparent medium, the diaphanous, the result is color. In the bodies of our daily experience color "is the limit of the transparent medium in a definitely bounded body." This is a definition unlikely to illuminate the moder reader, and I give it only to suggest the veil that Aristotle cast over conceptions of the role of light for nearly two millennia.
There are, nevertheless, some comprehensible, if incorrect, things to put down about Aristotle on color. There are two "fundamental" or "primary" colors, black and white, and all the other chromatic colors we commonly distinguish are derived from these primaries. Note that black and white are opposite qualities, just as among flavors sweet and bitter are opposite.
Here, we might mention in passing, are two examples of Aristotle's practice of explaining physical phenomena, and much else, in terms of a polarity of antithetical qualities or powers.1 This basic approach he sets forth in the Physics, citing his Pre-Socratic predecessors who spoke of the wet and the dry, the hot and the cold, and (with Democritus) the full (the atoms) and the empty (the void).12 How many colors did Aristotle distinguish? The answer would be seven: white, yellow, red, violet, green, blue, and black. But we should not be deluded into thinking that Aristotle ranked colors in a chromatic sequence like that of a prismatic or diffraction spectrum. His listing does, however, seem to represent a rough scale of brightness or luminosity: from white and yellow at one end to the "dark" colors blue and black at the other.13 It is evident that Aristotle had in mind the colors of familiar opaque objects, or colored liquids, what the schoolmen were later to call "true" or "genuine" colors, distinguishing them from the ephemeral colors displayed by the rainbow, by the spray of a fountain or waterfall, by prismatic crystals or glass with bevelled edges: the socalled "apparent," "emphatical," "false," or "phantastical" colors. Until the seventeenth century this dichotomy proved a real obstacle to attempts at understanding the physical origin of color and its relation to light. 12 Aristotle, The Physics, trans. Wicksteed and Cornford (Loeb Classical Library, I, v. 188a, 19-26). Farther on (188b) we read: "And since the intermediates are compounded in various degrees out of the opposite couple (colors, for instance, out of white and black) it follows that all things that come into existence in the course of nature are either opposites themselves or are compounded of opposites." 13 Hammond, Aristotle's Psychology, 160, n. 1.
The only "emphatical" colors mentioned by Aristotle are those of the rainbow which, in his Meteorologica, he was the first to study in some detail. He reports (incorrectly) that only three colors-red, green, and blue-are readily distinguished, although yellow can sometimes be seen, but he did note the secondary bow in which the same three colors are in reverse order.
In the corpus of Aristotle's writings, to which the Latin West fell heir, are included several works which, although they possess some marked Aristotelian features, cannot, scholars generally agree, be attributed to the master himself. One of these, the De Coloribus, deserves, because of its later influence, more than passing attention. De Coloribus is a strange agglomeration, containing some astute observations, dubious inferences drawn from meteorological color phenomena, and remarks about the color changes in maturing plants, fruit, the hair of animals, and the plumage of birds.16 There are major departures from Aristotle's opinions, as when, for example, the author asserts that the "primary" colors are the colors of the four traditional elements: Earth, Air, and Water are white, whereas Fire, like sunlight, is yellow. All other colors are derived from the simple ones by mixing.
It is in treating light, a subject central to our discussion, that De Coloribus markedly departs from Aristotle's doctrines. For Aristotle, light is immaterial and without color, whereas our Peripatetic author considers it a material substance that can mix with other substances, force its way through air because of its greater "density," and is reflected from solid surfaces. In De Coloribus light has the color of fire, which is the only element visible without the help of any other agency, and it makes all other substances visible. Black or darkness (schotos) is not a color but only the privation of light; bodies appear black through the paucity or absence of reflected light. Yet bodies derive their chromatic colors from the "primary" colors when their particles mix with each other or with light. For the first time we perceive a suspicion that light must do more than make colors visible: it plays a mysterious part in modifying them, for we read (798b): things appear differently when they are seen in shadow or in sunlight, in a strong or weak light, and according to the angle at which they are seen. In this connection the author of the De Coloribus anticipates an observation we shall encounter with the Epicureans, that light striking a bird's plumage from different angles changes its color:
Birds' feathers too when held to the light at a certain angle appear violet; if still less light falls upon them, they turn a dark greyish brown; but if much light is mixed with their natural black color they turn crimson, and this becomes the color of fire if it is vivid and glittering.17 II. In later Antiquity, Euclid and Ptolemy both revert to the older doctrine of extromission. In Euclid's Optics, which treated the geometry of the light ray, it made no difference whether the rays come from the eye or from the observed object. Color or the role of light did not concern him. But as an exception to my generalization that classical optics did not treat color, there is an Optics attributed, but not with certainty, to Ptolemy (Claudius Ptolemaeus), the great mathematical astronomer who flourished about 150 A.D. In this Optics color is the subject of a lost Book I. Something of its contents has been reconstructed from allusions to it in the surviving Books of the work.18 Ptolemy follows Aristotle in many details of his theory of color. Colors are actually in the objects we see; they are inherent "qualities" of the things around us, actually there. And Ptolemy accepted and reinforced with his prestige the Aristotelian doctrine that there are two "primary" or "principal" colors, white and black, from which the others are derived by mixing. Ptolemy, however, differed from Aristotle's dominant doctrine by conceiving sight as resulting from visual rays emanating from the eye. More trivially, we learn from Olympiodorus in his commentary on the Meteorologica of Aristotle that Ptolemy claimed that seven colors, not just three, could be discerned in the rainbow.
There is little need to encapsulate the history of ancient atomism from Democritus to Lucretius, except to point out that for such thinkers, although the atoms themselves are colorless, their arrangement and physical interconnections, which make up the visible bodies, yield us our sensations of color. Yet as Aristotle wrote, colors for Democritus did not have real independent existence. Then how do we perceive colors? If we may adopt the terminology of Newton's friend, the philosopher John Locke, the classical atomists clearly made a distinction between the "primary qualities" (like shape and texture) and "secondary qualities" like odor, color or taste. These were said to be the result of convention (nomos), apparently meaning "mind-dependent" or "in thought," or (as we would say) subjective.
This was a major clarification and eventually exerted a profound effect on speculations about color with the revival of Epicurean atomism in the Renaissance and later. But it still left open the question of what physical processes originate and affect our sense organs. One step lay in the abandonment of the "visual ray" theory of vision and the acceptance of an intromission theory. Indeed, one form of this was the atomists's well-known theory of visible emanations from objects, the eidola or simulacra, images that travel to the observing eye, conveying the object's shape, motion, and also its color or colors. The eidola were conceived as thin films that peel off objects but are constantly replaced; on reaching the eye the eidola retain the relative disposition (rhythmos), the interconnections of the atoms, and the colors at the surface of bodies.
If we ask what part light plays in all this, the fragments of Democritus tell us nothing, although from Aristotle we learn that Democritus attributed the whiteness of a body to the smoothness of its surface and black to its roughness or (to use a favored seventeenth-century term) its "asperity." There may be here a suggestion that white and black result when light is reflected diversely or absorbed from differently structured surfaces, which indeed was to be the theory of Pierre Gassendi and Robert not merely an auxiliary agent making colors visible to us but the true source of color. He is the first as well to insist that color is color and to attack the scholastic philosophers for their sharp distinction between "true" colors and those that are merely "apparent," "false," or "emphatical," like the colors of the rainbow.
In the Meteores, accompanying his classic analysis of the rainbow's formation, Descartes reports two experiments to illustrate what happens in a raindrop. The first, whether or not he was aware of it, had been performed long before by Dietrich of Freiberg. Passing a beam of the sun's light through a transparent sphere of glass filled with water that acted as an isolated and magnified raindrop, Descartes, like Dietrich, was able to show that the beam suffered two refractions and one reflection in passing into and out of a raindrop. This, of course, did not explain how the colors originate.
Aware that "emphatical" colors like those of a rainbow could be produced by a triangular glass prism, Descartes was the first, so far as I can discover, to undertake and publish a serious prismatic experiment. We must now turn to the person who first brought Gassendi's speculations to England, the physician Walter Charleton. Shortly after taking his medical degree he received, at the onset of the civil war, the shortlived appointment of physician-in-ordinary to Charles I. After the King's execution Charleton turned his talents, such as they were, to writing on medical and other subjects. In the early 1650s, probably under the influence of Thomas Hobbes, he was attracted to the rival exponents of a "New Philosophy," Descartes and Gassendi. In 1654 appeared Charleton's major work, an attempt to present the views of Gassendi and his atomic theories to the English public. Entitled Physiologia Epicuro-Gassendo-Charletoniana, with the subtitle "A Fabrick of Science Natural, upon the Hypothesis of Atoms," the subject is further described on the title-page as "Founded" by Epicurus, "Repaired" by Petrus Gassendus, and "Augmented" by Walter Charleton.32 The book is a hard read: the English is so dreadfully Latinized that it is almost difficult to tell, at some points, in which language he believed himself to be thinking.
If a beam of the sun's light after passing through a prism is admitted through a narrow aperture, it forms a colored image on a vertical paper, with the red appearing at one extremity of the image and blue or violet at the other. But this is true only if the aperture is small enough; if it was too wide, all
Charleton introduces his section dealing with light and color with an account of early theories, remarking that most of the "sects" seem "as remote from each other, as the Zenith from the Nadir," so he had no need to justify his "Adherence to that more verisimilous Doctrine of At greater length than might seem necessary Charleton discusses that "so Paradoxical assertion" (those are his words) of Epicurus that there are no colors in the dark. Unaware of the complex nature of light, yet believing that in some fashion white light is "modified" to produce "intermediate" colors (i.e., the chromatic colors between the extremes of white and black), he sets forth his position in words that display, in their Latinate English, his inescapable debt to Aristotle. Since all colors vanish in the absence, "the Amotion or defection of Light," he continues, "we are to observe that it is one thing to be Actually Colorate, and another to be only Potentially, or to have a Disposition to exhibit this or that particular Colour, upon the access of the Producent, Light."
Although we agree that bodies are without color in the dark, yet they retain a capacity "whereby each one, upon the access and sollicitation of Light, may appear clad in this or that particular Colour, respective to the determinate ordination and Position of its superficial particles" (186, Art. 1).
Our disciple of Gassendi does not hesitate to advance his own theory of color. In speaking about what, after Newton's introduction of the word into our language, we call the prismatic spectrum, he struggles, not too successfully, to explain the production of color as the result of different writing of the color changes in the neck of a dove or the tail of a peacock. As we saw, this Lucretian passage left its imprint on Roger Bacon and was quoted by Pierre Gassendi and Walter Charleton. Robert Hooke, the first to publish careful observations on the rings of color observed in thin films and plated bodies-"Newton's rings" we call them-saw a similarity between these rings and "the Colours in Peacocks, or other Feathers," but recognized that these color phenomena could better be studied in the plates of "Muscovy glass" (mica), where he had observed them, since "this laminated body is more simple and regular . . 
